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Purpose: In this study a group of patients undergoing directional atherectomy for localized 
occlusive disease in the femoropopliteal rteries, the value of intravascular ultrasonogra- 
phy (IVUS) to improve the efficacy of plaque removal was evaluated. The findings obtained 
by IVUS were correlated with intraarterial digital subtraction angiography (IA DSA) 
performed uring the procedure. In addition, the patency rates at follow-up in patients 
undergoing atherectomy with and without IVUS were compared. 
Methods: Forty patients were treated by atherectomy because of segmental lesions of the 
femoropopliteal rteries causing intermittent claudication. Twenty-two patients under- 
went atherectomy, guided by biplane IA DSA only, and 18 patients were also studied by 
IVUS. The groups were divided by means of consecutive presentation, IVUS being used 
in the second part of the study period. The median follow-up was 16 months (range, 0 to 
40 months). Variables, measured by IVUS during the procedure, were the minimal 
transverse luminal diameter (MTLD) and the free luminal area. Patency rates at follow-up 
were determined by regular color-flow duplex examinations. Color-flow duplex criteria for 
occlusion were absence of arterial flow and, for restenosis, a ratio of peak systolic velocities 
at the diseased segment and a normal segment of 2.5 or greater. 
Results: Qualitative IVUS assessment prompted additional atherotome passages because 
of insufficient atheroma removal or nonaesthetic appearance of the vessel lumen in 15 of 
the 18 patients who underwent this examination. Only in four of these patients would 
abnormalities atIA DSA have been a reason for further attempts of atheroma removal. As 
for the quantitative findings during AT, after a first series of atherectomy passes the mean 
MTLD of the reference lesion resulted in an increase of the MTLD from a mean of 
3.3 -+ 0.7 mm to 3.7 - 0.6 mm (p = 0.001), and the free luminal area increased from a 
mean of 11.2 + 4.8 mm 2 to 12.5 - 4.5 mm 2 (p = 0.001). However, the occurrence of 
restenosis during follow-up was comparable inpatients monitored uring the intervention 
by IVUS (1-year patency rate, 57%) and patients not studied by IA DSA only (1-year 
patency rate, 64%). In addition, the presence of an intimal dissection or a plaque rupture 
at IVUS examination did not predict restenosis. 
Conclusions: The application of IVUS resulted in an improved luminal enlargement by 
directional atherectomy but not in a better 1-year pateney rate. (J VASC SURG 
1996;23:436-45.) 
From the Departments of Radiology and Surgery (Drs. Buth and 
Schol), Catharina Hospital, Eindhoven, and the Department of 
Radiology (Dr. Mali), University Hospital, Utrecht. 
Reprint requests: Jacob Buth, MD, PhD, Department of Surgery, 
Catharina Hospital, PO Box 1350, 5602 ZA Eindhoven, The 
Netherlands. 
Copyright 9 1996 by The Society for Vascular Surgery and 
International Society for Cardiovascular Surgery, North Ameri- 
can Chapter. 
0741-5214/96/$5.00 +  24/1/68149 
436 
Restoring patency in femoropopliteal arteries 
with segmental obstructive lesions by endovascular 
procedures i safe, associated with relatively low cost, 
and has a high rate of immediate success. However, 
the patency rates of balloon angioplasty after 3 years 
of follow-up average only around 62%, because of 
restenosis. 13 It was hypothesized that the removal of 
obstructive atherosclerotic material by directional 
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atherectomy from the vessel might result in a higher 
patency rate. 4 However, in a previous study we 
demonstrated that the development of restenosis i
not less frequent in directional atherectomy com- 
pared with balloon angioplasty, and a recurrent lesion 
rate of 61% was observed after I year of follow-up, s 
Inadequate tissue removal may be one of the reasons 
for the unchanged tendency of the vessel wall to 
develop recurrent lesions. A more radical clearance of 
atheromatous ti sue by means of improved intrapro- 
cedural monitoring could result in a better patency 
rate during follow-up. 6
Intravascular ultrasonography (IVUS) provides 
real-time cross-sectional images from the vessel 
lumen and wall and its constituent layers. It is a 
diagnostic technique that allows qualitative and 
quantitative assessment of the direct effect of various 
endovascular treatment methods. 7,s Therefore IVUS 
may well be suited to enhance plaque removal by 
atherectomy. Basically, if after atherectomy a residual 
stenosis or a dissection can be identified, IVUS 
influences the decision with regard to further treat- 
ment. Larger posttreatment lumens have been found 
to correlate with a better long-term patency rate. 9 In 
this report we present our experience with IVUS 
during directional atherectomy and compare these 
observations with arteriographic assessment and 
development of restenosis. In addition, the patency 
rate at follow-up as assessed by regular color-flow 
duptex scanning iscompared between a patient group 
that underwent atherectomy combined with arteri- 
ography and a group that, in addition, underwent an 
IVUS examination. 
PATIENTS AND METHODS 
From January 1990 until December 1993, 40 
patients were treated by atherectomy because of 
intermittent claudication caused by circumscript 
stenoses or short occlusions in the superficial femoral 
(n = 37) or above-knee popliteal arteries (n = 3). 
The median follow-up was 16 months (range, 0 to 40 
months). The choice ofatherectomy as the treatment 
was because these patients were part of a prospective, 
randomized study comparing balloon angioplasty 
and atherectomy. The inclusion criteria were signif- 
icant stenoses of less than 5 cm in length or occlusions 
of less than 2 cm in length. It should be noted that 
directional atherectomy is applicable only in discrete 
stenoses or short occlusions without diffuse disease. 
Only limbs not treated previously for arterial disease 
were included in this series. IVUS equipment became 
available during the study period and therefore the 
first 22 patients underwent the procedure monitored 
by biplane intraarterial digital subtraction angiogra- 
phy (IA DSA) only, and the last 18 patients 
underwent an IVUS study in addition. IVUS was 
used only after an arteriographically acceptable r sult 
of the procedure was obtained. Preoperative assess- 
ment included determination of the Doppler ankle- 
brachiat index (ABI) and IA DSA. The eligibility for 
atherectomy treatment was confirmed by the vascular 
surgeon and the radiologist in conjunction. 
Technique for endovascular procedures 
The atherectomy procedure was carried out as has 
been described elsewhere. 4's Summarizing, a 7F or 
8F introducer sheath is advanced antegrade through 
an arterial puncture or by a cut-down approach in the 
common femoral artery. An atherectomy catheter 
with a diameter of 4.8 or 5.7 mm (Simpson, 
Atherocath; DVI Inc., Redwood City, Calif.) or 5.3 
mm (Simpson, Atherotrack) isadvanced distally. The 
opening in the cylindric housing of the atherotome is 
turned toward the plaque and the balloon is inflated 
to 30 psi. The rotating knife is activated and a section 
of the plaque is shaved off, pushed, and stored within 
a collection chamber at the tip of the cylindric 
housing. Several cuts are made during a passage and 
the catheter is rotated to obtain a series of overlap- 
ping excisions. During the procedure, biplane views 
were obtained by IA DSA. Antispasmodic medica- 
tion was not used in any patient in this series. The 
patients received 5000 IU heparin at the start of the 
catheter intervention, and afterward 80 mg aspirin a 
clay was prescribed. Endovascular procedures were 
performed by a multidisciplinary team of radiologists 
and vascular surgeons in either the catheterization 
laboratory or the operating room. Second and third 
obstructive lesions were invariably treated by the 
technique used for the main lesion. 
IVUS studies of treated segments were per- 
formed with a CVIS system (CVIS Inc., Sunny Vale, 
Calif.) and an 8F catheter with a 20 MHz transducer 
mounted at the tip or a 5F catheter with a 30 MHz 
transducer f equency. A 360-degree imaging plane 
perpendicular to the catheter was obtained by the 
reflection of the ultrasound beam against an angu- 
lated mirror rotating at 1800 rpm. IVUS examina- 
tions were performed according to methods de- 
scribed previously by others. 7,s Only after luminal 
enlargement was shown by IA DSA was the IVUS 
catheter employed and examinations performed. A
radiopaque ruler was used to match angiographic 
with ultrasonographic data. During the procedure, 
the results were assessed qualitatively. Characteristi- 
cally a three-layered appearance is identified: the 
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Fig. 1. A, Arteriogram of superficial femoral artery after ath ectomy treatment. Upper arrow 
indicates treated segment with apparently satisfactory result and lower arrow indicates normal 
reference segment. B, Intravascular ultrasound cross-sectional image t treated site (correspond- 
ing with upper arrow in arteriogram). Tracing encompasses FLA, and MTLD is indicated by 
interrupted line. Hypoechoic media is marked by black arrows. Considerable residual stenosis is 
indicated on IVUS image by region between arrows and FLA tracing. C, Cross-sectional image 
at normal reference segment (lower arrow in arteriogram). Note normal, thin intimal layer 
between media (arrows) and FLA tracing. 
inner layer is hyperechoic and represents he intima 
and internal elastic membrane, the media is repre- 
sented by a narrow hypoechoic zone, and the 
adventitia is a hyperechoic band. After treatment, a 
thickened intima is considered to be residual plaque. 
Postinterventional alterations were d fined arbitrarily 
as plaque rupture and issections. 7 During the 
procedure, the presence of a significant residual 
stenosis was assessed by comparing IVUS images of 
the treated site with a relatively normal reference 
segment (Fig. 1). If significant residual plaques, 
cracks, or dissections were demonstrated (Fig. 2), 
passages of the atherotome were repeated to attempt 
to achieve an inner vessel wall with a bare intimal- 
media interface at the final IVUS images. If the 
arterial lumen was difficult o discriminate because of 
backscatter by flowing blood, saline injections were 
used to improve the delineation of the intimal 
surface. Off-line quantitative assessment was done 
from stored video images taken during the session. 
These assessments contained measurements of the 
minimal transverse luminal diameter (MTLD) and 
the free luminal area (FLA) at the site of treatment 
where the lumen appeared narrowest. Two sets of 
quantitative data were compared: the first after 
completion arteriography had demonstrated an ac- 
ceptable result and the second after additional at- 
tempts to remove any IVUS-identified plaque, and 
the result was considered the best that could be 
obtained. 
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Table I. Demographic characteristics, 
presenting symptoms, associated diseases, 
and risk factors of patients with and 
without IVUS 
Patients with 
IA DSA Patients with IVUS 
(n=22) (n= 18) 
Age (yr) 63 66 
Range 49-77 42-77 
Sex (n) 
Male 17 13 
Female 5 5 
Side (n) 
Right 11 10 
Left 11 8 
Presenting symptoms (n) 
Mild to moderate 16 12 
claudication 
Severe claudication 6 6 
Associated isease and 
risk factors (n) 
Coronary heart disease 9 6 
Diabetes mellitus 3 1 
Smoking 8 11 
Hypertension 3 6 
Hypercholesterolemia 7 6 
Follow-up 
The foUow-up protocol included clinical exami- 
nation, combined with ankle-pressure measurements 
at rest and after exercise at 6 weeks and 3 months after 
the procedure and at 3-monthly intervals thereafter 
for the first year and 6-monthly intervals during the 
second year. Color-flow duplex investigations were 
performed at the same intervals as for the clinical 
examinations. The entire femoropopliteal area from 
the groin to the popliteal trifurcation was examined. 
Stenotic lesions were identified by poststenotic tur- 
bulence characterized by coded color changes and 
locally increased Doppler-measured velocities. A 
ratio of the peak systolic velocity at the site of an 
identified stenosis in the previously treated segment 
and at a normal arterial segment was calculated. A 
peak systolic velocity ratio of 2.5 or greater was 
considered to indicate a significant restenosis. 
Occlusion was characterized byabsence of detect- 
able Doppler signals and the visualization of collat- 
erals. To enable differentiation between restenosis 
and new stenosis at previously nontreated segments 
at color-flow duplex examination, a ruler was used to 
determine the distance between the knee and the 
lesion, and the measurements were compared with 
the preintervention arteriography. For organization 
of the data, color-flow duplex findings were drawn on 
a diagram with the superficial femoral.artery divided 
into four and the popliteal artery into two segments. 
Fig. 2. Dissection after atherectomy. There is arbitrary 
discrimination between dissections (> 10%of vessel cir- 
cumference) and plaque rupture ( < 10% of vessel circum- 
ference). 7 Media (white arrows) is less well defined in 
severely diseased artery than i Fig. 1. 
Defmitions, study end points, and data analysis 
Technical success of the atherectomy procedure 
was defined as a residual stenosis of less than 30% 
diameter reduction on the completion arteriogram. 
Clinical and hcmodynamic outcome was classified 
according to the Society of Vascular Surgery and the 
North American International Cardiovascular Soci- 
ety criteria. 1~ The maintenance of clinical improve- 
ment was assessed by the Kaplan-Meier life-table 
method, considering an improvement less than + 1 
to represent clinical failure. 
Morphologic failure or loss of patency was 
defined by identifying restenosis or occlusion by 
color-flow duplex imaging at the site of the initial 
intervention. Only the primary patency was evaluated 
and patency rates were analyzed by the Kaplan-Meier 
life-table method. Stcnotic lesions developing de 
novo in segments not treated by atherectomy were 
not considered in this analysis. Group differences 
were compared with the log-rank test. For paired 
nonparametric variables, the Wilcoxon test was used. 
The Fisher exact est was used to compare discrete 
variables between groups. Continuous variables were 
compared with the Mann-Whirney test. All p values 
< 0.05 were considered to represent a significant 
difference. 
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Table II. Characteristics of treated lesions 
and angiographic aspects in patients with 
and without IVUS 
Patients with Patients with 
IA DSA IVUS 
(n=22) (n =18) 
Degree of  stenosis on pre- 
intervention angio- 
gram (n) 
50%-69% 5 3 
-> 70% 16 15 
Occlusion 1 - 
Length of  stenosis (n) 
0-1.9 cm 19 10 
->2 cm 3 8 
Eccentricity of  stenosis (n) 
None to mild 8 9 
Moderate to severe 13 9 
Occlusion 1 - 
Coexisting stenosis 
treated (n) 6 7 
Crural runoff (n vessels) 
2-3 20 17 
0-1 2 1 
RESULTS 
Characteristics of patients and early outcome 
of  treatment 
Patients who underwent IA DSA as the sole 
monitoring method during the intervention were 
comparable with patients who also underwent IVUS 
with regard to baseline data and lesion characteristics 
(Tables I and II). Only patients with intermittent 
claudication were recruited, as can be expected in a 
population with lesions less than 5 cm in length and 
no diffuse disease. 
In the overall group of 40 patients, complications 
as seen on completion arteriography were dissections 
in two patients (5%), one with monitoring by IA 
DSA only and one in the IVUS group. No early 
surgery was required; however, in the patient who 
underwent an IVUS-guided procedure an occlusion 
of the treated superficial femoral artery segment 
occurred after 3 months. An acute thrombosis of the 
treated segment during the procedure was seen in 
another patient who underwent only IA DSA and 
whose disease was managed successfully with throm- 
bolytic therapy. There was a technical failure because 
of residual stenosis in five patients (12%), two who 
underwent IA DSA only and three in the IVUS 
group. In these patients an arteriographic residual 
stenosis between 30% and 40% diameter reduction 
was accepted as the best result obtainable because the 
lesions appeared irresponsive to further atherotome 
application. No adverse ffects were attributable to 
the use of the ultrasound catheter. 
After the intervention there was clinical improve- 
ment of at least one level in 37 patients (92%). A 
three-level improvement was seen in 31 of the 
patients (77%), illustrating that often initial clinical 
improvement is satisfactory. The ABI increased from 
0.73 as a preintervention value to a mean of 0.91 
immediately after the operation (p -- 0.00005). 
There were no significant differences in complica- 
tions, clinical improvement, orthe preprocedural and 
postprocedural ABI between the patients who un- 
derwent IA DSA only and those who also underwent 
IVUS. 
Findings at IVUS 
Qualitative findings at the first IVUS examination 
prompted additional atherotome passages because of 
insufficient removal of atheromas with a residual 
stenosis occupying at least one third of the media- 
to-media diameter or dissection or plaque rupture of 
the vessel wall in 15 of the 18 patients who 
underwent this examination (Table III). Of  those 
patients, three had an arteriographically identified 
residual stenosis of 30% diameter reduction or 
greater after the first series ofatherotome passages. In 
all three patients the residual stenosis was detected by 
IVUS. In seven other patients a significant residual 
stenosis was identified only by qualitative IVUS 
assessment. Moreover either a dissection or a plaque 
rupture was found in nine patients. Only in one 
patient was the dissection recognized on the arterio- 
gram. The qualitative assessment a the final IVUS 
examination after one to three atherotome passages 
(average, two passages per patient) is summarized in
Table III. The number of patients with a residual 
stenosis of one third or greater of the media-to-media 
diameter had decreased to three. Somewhat to our 
disappointment, in the cases with a dissection or 
cracked plaque we often were unable to obtain a 
smooth vessel wall by repeated atherotome passages. 
The quantitative findings during atherectomy after a 
first series ofatherotome passes and at the completion 
of the procedure are presented in Table 4. 
The decrease of residual stenoses was reflected by 
an improvement ofthe MTLD and FLA at the lesion 
sites after additional atherotome passages. The mean 
MTLD had increased by 0.4 mm and the mean FLA 
by 1.3 mm 2, demonstrating the efficacy of IVUS to 
enable a more radical atherectomy. 
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Table III. Qualitative findings at IVUS examination i 18 patients at the first IVUS examination 
(after an acceptable result at IA DSA was obtained) and at the final IVUS examinations (after 
additional atherotome passes) 
Findings at first IVUS examination Findings at final IVUS examination 
(no. of patients) (no. of patients) 
Significant residual stenosis 10 3 
Dissections 7 6 
Plaque rupture 3 2 
No abnormalities 3 9 
At first IVUS examination, four patients had a significant residual stenosis combined with a dissection or plaque rupture and one patient 
had a dissection and plaque rupture combined. At last IVUS examination, one patient had a significant residual stenosis combined with 
a dissection and one patient had a dissection and plaque rupture. 
Table IV. Quantitative findings at IVUS examination i 18 patients 
After first series of atherectomy After further atherectomy Increase between first and further 
Luminal dimensions catheter passes catheter passes * catheter passes (%) 
MTLD 3.3 -+ 0.7 mm~ 3.7 + 0.6 mmt  14 + 15 
FLA 11.2 -+ 4.8mm25 12.5 _+ 4.5mm25 17 _+ 26 
Values are means + SD. 
Sin 15 of  the patients, further atherotome passages were performed. 
tStatistically significant increase (p = 0.001). 
~:Statistically significant increase (to = 0.001). 
Clinical improvement and patency rates at 
follow-up 
The rate of clinical improvement by at least one 
level maintained ati year of foUow-up was 87% (SE, 
6%). There was no statistical difference in patency 
rates at 1 year between the two patient groups; in the 
category with monitoring by IA DSA only this was 
95% (SE, 4%) and in the patient group with IVUS 
it was 75% (SE, 11%;p = 0.1). 
The patency rate as determinated by regular 
color-flow duplex examination at 1 year was 61% 
(SE, 8%) for the overall patient group. For patients 
with only arteriographic monitoring, the 1-year 
patency rate was 64% (SE, 10%) and for patients 
with IVUS it was 57% (SE, 12%), which was 
statistically not significant (Table V; Fig. 3). Of the 
23 morphologic failures that were observed within a 
15-month follow-up eriod 21 were due to restenosis 
and two to occlusions. In the 18 patients who 
underwent IVUS, the frequency of recurrent disease 
between patients with significant residual stenosis 
was two out of three patients and without residual 
stenosis at the last IVUS examination it was eight out 
of 15 patients. Moreover, there was no difference in 
6-month patency rates in patients with intimal 
dissection and plaque rupture compared with pa- 
tients with a smooth vessel wall surface (6-month 
patency rates, 89% [SE, 10%] and 100%, respec- 
tively; p -- 0.5). 
DISCUSSION 
The development of IVUS may involve an 
upsurge of new detailed information on the vessel 
wall, perhaps useful in the treatment of peripheral 
occlusive vascular disease. Peripheral, as well as 
coronary arteries are of the muscular type, character- 
ized by a clearly recognizable three-layer wall, with 
the hypoechoic media as a landmark for the assess- 
ment of abnormal intimal thickening. The accuracy in 
the representation of vessel wall geometry and 
severity of disease has been demonstrated in previous 
studies, n IVUS can be either helpful in therapeutic 
management decisions or scientifically interesting in
severa l  areas.  12"14 Generally used parameters for 
quantitative assessment are the FLA, the MTLD, the 
media-bound area, and the lesion area. 7,8 In this study 
we have focused on the assessment of imaging after 
the procedure and the possible role that IVUS may 
have as a guidance for further therapeutic actions 
when directional therectomy is used. In addition, it 
was investigated whether IVUS information after 
intervention would predict formation of restenoses. 
For off-line quantitative assessment, the FLA and 
MTLD were used as the parameters that directly 
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Fig. 3. Kaplan-Meier curve of primary patency rates in patients who underwent atherectomy 
(AT) with and without IVUS monitoring. Interrupted line indicates standard error greater than 
10%. 
Table V. Life-table analysis (Kaplan-Meier) of primary patency rates of femoropopliteal rteries in 
directional atherectomy-treated patients guided by contrast arteriography and IVUS 
No. failed 
Interval femoropopliteal Interval patency Cumulative patency SE 
Treatment (mo) No. at risk arteries No. withdrawn (%) (%) (%) 
AT guided by con- 0-1 22 1 0 95 100 0 
trast arteri- 1-3 21 0 0 100 95 4 
ography 3-6 21 1 0 95 95 4 
6-9 20 6 0 70 91 6 
9-12 14 5 0 64 64 10 
12-15 9 0 1 100 41 10 
AT guided by 
IVUS 
0-1 18 1 0 94 100 0 
1-3 17 0 2 100 94 5 
3-6 15 4 0 73 94 6 
6-9 I1 2 0 82 69 11 
9-12 9 3 1 67 57 12 
12-15 5 0 1 100 38 13 
AT, Directional atherectomy. 
reflect the luminal gain obtained by additional 
atherotome passages. 
It appeared that, although biplane views were 
taken, IA DSA was not very accurate in dicating the 
amount of retained plaque. Qualitative assessment 
after the first series of atherome passages indicated 
significant retained plaque in 10 of 18 patients as 
opposed to residual stenosis in only three at arteriog- 
raphy. Dissection or intimal rupture was observed in 
nine of the patients at IVUS and only in one by 
arteriography. Thus abnormalities after the endovas- 
cular procedure that should lead to further athero- 
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tome passages were identified by arteriography in
only four patients. In comparison, IVUS findings led 
to attempts to debulk atheroma further in 15 pa- 
tients. In our experience and that of others, arteriog- 
raphy consistently underestimates the amount of re- 
sidual stenosis compared with IVUS.~S-17 It provides 
longitudinal images and, although we performed ar- 
teriography in biplane projections, the technique s- 
sentially is a two-dimensional representation f the 
vessel umen. Limitations of arteriography also in- 
clude a lack of information regarding vessel wall mor- 
phology such as plaque thickness and surrounding 
layers. Moreover, arteriographically. "normal" refer- 
ence segments in femoropopliteal arteries often have 
diffuse concentric plaque lining of the vessel, render- 
ing diameter comparisons inaccurate. ~8 A good cor- 
relation of cross-sectional areas of peripheral arteries 
measured by IVUS and arteriograms was observed 
by Tabbara et al.19 However, these authors took most 
measurements in normal and mildly diseased arteries, 
which have less distortion of the circular cross- 
sectional configuration than do more severely dis- 
eased arteries. In fact, they noted that in diseased 
segments the ultrasonic grade was more severe than 
the arteriographic grade. In addition, their measure- 
ments were in untreated arteries, whereas everal au- 
thors found after endovascular intervention i  par- 
ticular a significant underestimation of residual 
atheroma. 16,20,21 
Performing directional atherectomy, we expected 
that IVUS should be helpful in accomplishing a 
smoother vessel surface. However, in this respect our 
expectations were not satisfied because w often did 
not succeed in reducing an observed issection or 
improving an unaesthetic cracked area. Sometimes 
carved-out areas can be seen on IVUS images, where 
the atherotome made cuts in the plaque (Fig. 4). In 
a study of 12 stenotic lesions, Korogi et al. ~3 noted 
similar grooves, whereas Yock et al. ~8 observed that 
once an initial cut was made the device tended to 
orientate into the same rotational position because of 
an eccentric shape of the vessel lumen and the elliptic 
profile of the atherotome with its balloon inflated. 
This phenomenon causes the creation of troughs 
rather than a smoother, more even removal of plaque. 
This appears in agreement with our own experience 
that the first passage of the atherotome usually is the 
most effective with regard to tissue removal com- 
pared with the second and third passes. 22 We also 
were able to confirm the IVUS data of Korogi et al) 3 
that the morphology of the vessel may change 
because of inflation of the balloon alone in the 
absence of any cutting. These characteristics of the 
Fig. 4. Grooves can be seen at sites of atherectomy cuts 
(small white arrows). Media is indicated by black arrowheads. 
directional atherotome mechanism ay well explain 
why the vessel wall appearance is difficult o improve 
once dissections and intimal flaps have occurred. 
How important i is for postinterventional p tency to 
obtain a smooth vessel wall at IVUS imaging is 
uncertain. In this series of 18 patients we could not 
demonstrate a difference in 6-month patency rates in 
patients with or without plaque rupture or dissection. 
We have used PSV ratios obtained at serial 
color-flow duplex examinations to assess patency 
noninvasively after the intervention. The accuracy of 
peak systolic velocity ratios for the diagnosis of 
significant primary or recurrent arterial disease has 
been well documented. 23'24 In this study, failure in 
the majority (21 patients) within the first 15 months 
of follow-up was caused by rcstenosis rather than 
occlusion (two patients). Several factors fbr develop- 
ment of restenosis after atherectomy have been put 
forward in the literature. Insufficient tissue removal, 
elastic recoil after luminal enlargement caused by the 
distending effect of the low-pressure balloon, and a 
higher rate of myointimal hyperplasia from thc 
specific trauma imposed by the atherotome have been 
proposed as causes of recurrent disease. <2~ Basically, 
formation of restenosis after endovascular treatment 
as atherectomy depends on the initial gain of vessel 
lumen and the process of myointimal hyperplasia 
causing restenosis. The net result depends on which 
effect is strongest. 9 To minimize the effect of the 
hyperplastic response to injury, extensive removal of 
atherosclerotic tissue is recommended. <2<27 There- 
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fore we have attempted to perform a radical atherec- 
tomy by use of lVUS to monitor the amount of tissue 
removed. It appeared possible to enlarge the MTLD 
and FLA after several additional atherotome pas- 
sages. However, no difference in patency rates at 
follow-up was observed in patients who underwent 
atherectomy with IVUS and those who underwent 
procedural monitoring by IA DSA alone. This may 
be because the debulking effect by additional athero- 
tome passages, although statistically significant, was 
rather modest in a clinical sense. The MTLD 
increased with further atherotome passages by a 
mean of 0.4 mm (14%) and the FLA by 1.3 mm 2 
(17%), both values representing perhaps too low an 
augmentation of the vessel umen to translate into 
improved patency rates. 
It is conceivable that the lack of improvement in 
patency rates cannot be attributed to any limitations 
of IVUS but is due to insufficient removal of 
atheroma by the atherectomy method. An overall 
12-month patency rate of 61% as found in this study 
is somewhat less than the 70% to 75% found in 
patients with intermittent claudication and stenotic 
lesions after balloon angioplasty. 1,28 From this one 
may conclude that atherectomy in its present form is 
not the first choice for treatment of femoropopliteal 
disease. Modified catheters integrating diagnostic 
ultrasonography and atherectomy, allowing fine po- 
sitioning of the device that may improve luminal 
enlargement, are under development. 29Our experi- 
ence with IVUS indicates that this technique pro- 
vides accurate and useful information not obtainable 
by conventional procedural monitoring with IA 
DSA. IVUS used for end-point determination dur- 
ing endovascular procedures, other than directional 
atherectomy in its present form, has promising 
features. However, its actual impact on patency rates 
at follow-up needs to be established by further 
studies. 
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